This topical issue of the Central European Journal of Physics (CEJP) highlights the emerging field of ultrashort pulses and free-electron lasers applications. The systematic application of lasers in physics, chemistry, biology and medicine has been one the most important scientific revolutions of the past century. Their intensity, coherence and, more recently, short pulse duration has made it possible to go beyond traditional single-photon transitions, revealing novel aspects of atomic and molecular structure and dynamics. Current developments of coherent light sources in the x-ray regime promise to revolutionize even more these fields.
The advent of xuv and x-ray ultrashort pulses produced by free-electron lasers and high harmonic generation has opened up the way to a new chemistry at the femto and attosecond time scales. Processes such as ionisation and dissociation can now be monitored in real time, which * E-mail: tokesi@atomki.mta.hu † E-mail: lnagy@phys.ubbcluj.ro ‡ E-mail: fernando.martin@uam.es can be used to develop novel control strategies of chemical reactions. Nevertheless, experiments in this field are difficult to interpret due to the many electronic and nuclear degrees of freedom involved. The implementation of nearly exact theoretical methods in supercomputers has made it possible to guide experimental research for simple molecules. Such methods lie outside the traditional quantum chemistry realm since, e.g., they must accurately reproduce the time evolution of the electronic and nuclear motion, including both excited and continuum states. Therefore, the necessary extension to complex systems, like many-electron atoms, molecules and nanoparticles, required efforts of the leading European groups. The COST Action CM0702: 'Chemistry with Ultrashort Pulses and Free-Electron Lasers: Looking for Control Strategies Through Exact Computations' was an interdisciplinary European programme to develop new computational tools and to combine them with state-of-the-art quantum-chemistry methods to investigate the new chemistry that arises when molecules and, in particular, chemical reactions are exposed to ultrashort xuv and x-ray laser pulses.
The action consisted of three working groups (WG). The Working Group 1 (Development of time-dependent theoretical methods to describe the interaction of atoms and small molecules with intense xuv and x-ray ultrashort pulses) focused on the following topics: (a) Study of the response of simple atomic and molecular systems irradiated by intense ultrashort xuv and XFEL pulses, with emphasis will on the study of two-electron ionization/excitation in The papers in this topical issue on ultrashort pulses and free-electron lasers applications can be classified under the works in these three groups and all of them were presented in the final annual meeting of the COST Action CM0702 held in Cluj-Napoca, Romania between 21-23 March 2012. The organizers express their thanks to the COST Action CM0702 for the support of the conference. Many thanks also to the staff of the host institution and colleagues for their help with the organization of the meeting. The Guest Editor would like to acknowledge the excellent cooperation of all authors who have submitted papers to this topical issue, the reviewers who have taken time to analyze the submissions and the Editors and Publishers of CJEP for bringing together all this work into a complete and comprehensive assessment of the emerging field of 'ultrashort pulses and free-electron lasers applications'.
